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~ ABSTRACT

A method and apparatus for selectively removing H>S
from a gas stream containing H,S and CO; and having
a variable flow rate. The absorption system 15 divided
into at least two absorption columns which are con-
nected in parallel and contain at least two individual
absorption volumes connected in series in which the gas
and absorbent solution can countercurrently contact
each other. The absorption system has means to control
the passage of the fluid streams to each absorption col-
umn and the absorbent solution through the individual

absorption volumes.

6 Claims, 3 Drawing Figures
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MAINTAINING THE SELECTIVE REMOVAL OF
H,S FROM A VARIABLY FLOWING GAS STREAM
CONTAINING H,S AND CO;

CROSS-REFERENCES TO RELATED
APPLICATIONS

Related applications are titled “Selective Removal of

a Gaseous Component from a Multi-Component Gas
Stream” Ser. No. 877,634 filed by J. A. Laslo, M. O.
Tarhan, C. W. Sheldrake and D. Kwasnoski and “Selec-
tive Removal of H3S from an H,S and CO; Containing
Gas Stream” Ser. No. 877,639 filed by J. A. Laslo and
D. Kwasnoski.

'FIELD OF THE INVENTION

The method and apparatus of this invention relate to
the selective removal of a gaseous component from a
gas stream. More particularly, this invention relates to
the selective removal of HzS from a gas stream contain-
. ing Ha2S and CO; and having a variable flow rate.

BACKGROUND OF THE INVENTION

Selectively removing H3S from a gas stream contain-
ing HoS and CO; is a process common to many indus-
tries such as the coke-making, the petroleum and the
natural gas industries. Of the several techniques em-
ployed one utilizes the selective absorption of H3S into
a wide variety of liquid absorbent solutions which can
then be regenerated to afford a concentrated HaS gas
stream for further processing in a sulfur recovery sys-
tem. In this type of process aqueous alkanolamines are
the most widely used absorbent solution. The H3S and
CO; containing gas stream, such as coke oven gas, is
usually treated with the alkanolamine solution in any
suitable absorption apparatus such as a packed bed ab-
sorber, a spray contact apparatus, a bubble-cap tray
absorber and the like. The H,S will react almost instan-
taneously with the aqueous alkanolamine solution to
form alkanolammonium sulfide or hydrosulfide which
may then be decomposed by the application of heat to
the solution to strip the HyS from the absorbent solu-
tion, for example by the use of steam in a desorption
stage. -

Carbon dioxide, on the other hand, takes a signifi-
cantly finite time to react with the water in the alkanola-
mine solution to form carbonic acid according to the
well-known equilibrium reaction prior to reacting with
the alkanolamine to form alkanolammonium carbonate
or bicarbonate. Thus the CO; does not tend to be taken
up by the alkanolamine solution as readily, and 1s conse-
quently not removed from the gas stream as quickly as
the H3S. In general, it may be simplistically stated that
the molar ratio of H3S to C(O»; absorbed in the absorbent
solution will depend principally upon the gas-liqmd
contact volume and the gas residence time in this ab-
sorption volume. Since H>S has a much greater rate of
absorption into an alkaline absorbent than does CO; and
if the absorption is conducted under non-equilibrium
conditions in a manner such that the gas stream is only
in contact with the absorbent solution for a relatively
short period of time (1.e., relative to the time for an
equilibrium condition to be established), then some
selectivity for H,S can be obtained if larger amounts of
H>S can be tolerated in the treated gas stream than
would otherwise be present with a longer contact time.
So long as the flow rate of the gas to the absorber is
relatively constant and is significantly greater than the
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g
time required to absorb all of the CO» into the solution,
the ratio of H>S to CO; absorbed will tend to remain
substantially constant. The unabsorbed CO; leaves the
absorption apparatus along with any other unabsorbed
gases which may be present as the exhausted desulfur-
1zed gas. |

Subsequent to the absorber is the desorption appara-
tus which thermally drives the absorbed gases out of the
absorbent solution to yield regenerated absorbent for
recycling to the absorber and an H>S and CQO; contain-
ing desorbed acid gas stream which is directed to a
sulfur recovery plant, such as a Claus plant.

The major problem of the above described HjS re-
moval and sulfur recovery system is the limited flexibil-
ity of the process. When the feed gas flow rate de-
creases in a given absorption system, the contact or
residence time of the gas in the absorbent solution 1m-
mediately increases with consequent lowering of the
selectivity because the absorption process moves in the
direction of equilibrium conditions for the absorption of
CO; and results in a decreasing H>S:CO; absorption
ratio. | |

Upon desorption, the increased CO; content of the
desorbed gas stream may reach such a concentration
that it will not support the combustion of the Hj3S in the
sulfur recovery plant which then becomes inoperative.

One solution to this problem of inflexibility is offered
in a copending application Ser. No. 877,639 titled “Se-
lective Removal of H>S from an H?S and CO; Contain-
ing Gas Stream” by J. A. Laslo, and D. Kwasnoski,
filed concurrently with and assigned to the assignee of
this application. Laslo and Kwasnoski disclose that the
H>S concentration of the desorbed acid gas stream rela-
tive to the CO; concentration can be maintained above
the H;S:CO; ratio at which the downstream Claus type
sulfur recovery system becomes inoperative when the
flow rate of the H;S and CO; containing feed gas stream
decreases by contacting the feed gas with the absorbent
solution in a smaller absorption volume. This smaller
absorption volume is sized to be a percentage of the
original absorption volume which 1s within a percent-
age point range of the decreased gas flow rate at which
the sulfur recovery system becomes inoperative or at
which the switch to the smaller absorption volume is
made, expressed as a percentage of the maximum gas
flow rate. By performing the gas-liquid contact in a
smaller volume the reduced gas flow will have a lesser
residence time in this smaller absorption volume than it
would have in the original absorption volume which is
dimensioned to treat the maximum gas flow. The lesser
residence time means a higher H3S:CO» ratio in the
absorbent solution. |

A solution to the broader problem of selectively re-
moving a desired gaseous component from a variably
flowing gas stream by absorption into a liquid absorbent
solution which will absorb at least one additional less
desired gaseous component from the gas stream at a
different absorption rate is disclosed by J. A. Laslo, M.
O. Tarhan, C. W. Sheldrake and D. Kwasnoski in a
copending application Ser. No. 877,634 titled “Selective
Removal of a Gaseous Component from a Multi-Com-
ponent Gas Stream” filed concurrently with, and as-
signed to the assignee of, this application. Laslo et al.
pass the two fluid streams countercurrently through a
total absorption volume which comprises at-least two
individual absorption volumes connected in series. The
passage of one of the fluid streams can be regulated



4,198,387

3

through the individual absorption volumes in such a
manner as to effectively add or subtract individual ab-
sorption volumes in which gas-liquid contact occurs in
response to the variations in the gas flow rate thus
achieving a more constant residence time. A more con-
stant residence time means the absorbent solution will

contain dissolved in it a ratio of desired component to

less desired component which is more nearly like that

ratio for which the absorption system was designed.
Laslo et zl. show that good flexibility and turndown

can be achieved by having a plurality of individual

absorption volumes compose the total absorption vol-

ume. Sequentially adding or subtracting individual ab-
sorption volumes in the series in a cumulative manner
can be accomplished rather easily. There 1s, however, a
problem with incorporating or removing individual
absorption volumes in a non-sequential cumulative man-
ner from the middle of the connected series. While it
can be accomplished with a plurality of individual vol-
umes serially connected in one absorption volume, the
valves, piping and hardware necessary render such an
embodiment unattractive. |

Accordingly, there is a need in a total absorption
volume comprising individual absorption volumes to
have the capability of adding or removing individual
absorption volumes in a non-sequential manner. Partic-
ularly, there is a need to provide a total absorption
volume having the increased flexibility to treat a vari-
able gas flow more efficiently and economically by
using the maximum possible absorption capacity of a
selected combination of individual absorption volumes
where the combination may be one other than a solely
sequential series. More particularly, there 1s a need for
an H>S absorber that changes its absorption volume
capacity in response to the varying flow rate of an H3S
and CO; containing gas stream to maximize the H)S
content of the desorbed acid gas and thus optimize the
operation of the sulfur recovery plant.

SUMMARY OF THE INVENTION

The aforementioned difficulties 1n selectively absorb-
ing H>S from an H3S and COj containing gas stream
having a varying flow rate can be solved 1n accordance
with the present invention. It has been found that the
H>S can be selectively absorbed from an H)S and CO;
containing and variably flowing gas stream into an ab-
sorbent solution that also absorbs CQO; at a different rate
if the absorption volume is constructed in the manner of
the invention. The desired result can be obtained if the
two fluid streams, that is the gas stream and the absor-
bent solution stream, are countercurrently contacted in
a total absorption volume which is divided into at least
two sets of absorption volumes. At least one set com-
prises a first and a second individual absorption volume
while the other set may consist of a single individual
absorption volume. Preferably, each set comprises a
first and a second individual absorption volume. Fluid
passage means conducts the fluid streams through the
total absorption volume, connects the sets of absorption
volumes in parallel in that the gas stream is split to feed
the sets simultaneously and connects the individual
absorption volumes of a set in series allowing for coun-

tercurrent flow of the fluid streams through the individ-.

ual absorption volumes. Gas valve means apportions the

flow of the gas streams between the sets of absorption

volumes in a ratio identical to the ratio of the effective
absorption capacity of the sets. “Effective absorption
capacity” is defined to mean the sum of the individual

4

~ absorption volumes in which gas-liquid contact is oc-
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curring. Liquid valve means determines the passing of
the absorbent solution through the first and second
individual absorption volumes.

Under normal conditions when the gas stream flows
at the maximum rate for which the total absorption
volume is dimensioned, both fluid streams will traverse
all the individual absorption volumes in all of the sets of
absorption volumes (i.e., the total absorption volume).
The gas stream is apportioned between the sets in the
same ratio that exists between the effective absorption
capacities of the sets. The absorbent solution flow rate
through each set of absorption volumes is the same
provided the absorption volumes are similarly con-
structed, e.g., all are beds containing identical packing,
and the effective absorption capacities are equal. It is
the practice of the art to proportion the absorbent solu-
tion flow rate to the gas flow rate. When the gas stream
flow rate decreases, the residence time of the gas in the
absorption volumes increases because it takes longer for
the gas to traverse the same volume at a lesser flow rate.
Therefore, to maintain the residence time in which the
gas stream contacts the liquid absorbent closer to that
for which the absorption system was designed and to
maintain the desired H;S:CO; ratio in the absorbent
solution, an individual absorption volume in one of the
sets can be effectively removed from the gas-liquid
contacting operation. The absorbent solution stream to
one of the sets of absorption volumes is redirected to
bypass an individual absorption volume in the set so that
the set now has a lesser effective gas-liquid contact
volume. The flow rate of the absorbent solution is al-
tered in relation to the flow of the gas stream which is
now proportioned between the sets of absorption vol-
umes in a new ratio that reflects the new ratio of the
effective absorption capacities of the sets. Thus the
reduced gas flow is contacting the absorbent solution 1n
a total volume which is smaller than the original total
absorption volume. It follows that the residence time i1s
less than would be the case if the reduced gas flow
initimately contacted absorbent solution in all the indi-
vidual absorption volumes in the total absorption vol-
ume. Accordingly, the H>S:CO; ratio can be maintained
in the absorbent solution and the resultant desorbed gas
stream.

The individual absorption volumes can be of equal
volumes or unequal volumes of any desired ratio. In
addition, the sets of individual absorption volumes may
comprise any number of individual absorption volumes
and there can be any number of sets. The effective
absorption capacities of the sets can therefore be the
same or have any ratio desired. Thus, by the proper
selection of the relative sizes of the individual absorp-
tion volumes and their number composing a set, the
absorbent solution flow can be determined to effec-
tively add or subtract, in a stepwise manner, individual
absorption volumes in response to the varying feed gas
flow such that the resulting contact or residence time
will maintain a ‘oncentration of H>S:CO» 1n the absor-
bent solution of a selected value or within some prede-
termined range. Where environmental legislation re-
stricts the amount of H>S that will be eventually dis-
charged into the atmosphere from the desulfurized gas
stream, the total absorption volume must be able to
adequately treat the maximum gas flow that can be

expected. The total absorption volume must, in other

words, vield a desulfurized gas stream within accept-
able environmental limits.
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It is preferred that the individual absorption volumes

which are connected in series composing a set of ab-
sorption volumes be a series of split-bed absorbers and
that a set be housed in one-column. The absorption
volumes may be any well-known absorption volumes
such as packed beds or bubble-cap trays and the like
that provide efficient and intimate gas-liquid contact.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an example of a split-bed absorber.

FIG. 2 is an absorption apparatus for the practice of
the invention.

FIG. 3 is an embodiment of apparatus for the practice
of the invention as applied to an H,S removal and sulfur

recovery system.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention increases the flexibility of se-
lectively removing H»S from a gas stream containing
- H»S and COj and having a variable flow rate by absorp-
tion into an absorbent solution which also absorbs CO3
but at a different rate. The invention accomplishes this
by passing the gas stream through a total absorption
volume comprising at least two sets of individual ab-
sorption volumes having fluid passage means connect-
ing the sets in parallel and connecting the individual
absorption volumes composing a set in series so that the
gas stream and absorbent solution can countercurrently
flow through the total absorption volume. As the flow
rate of the gas stream varies, the liquid valve means are
adjusted to redirect the flow of the absorbent solution to
incorporate additional individual absorption volumes
when the gas flow increases or to eliminate them when
the gas flow decreases. The gas valve means apportions
the gas stream to the sets of absorption volumes in pro-
portion to their effective absorption capacities. Accord-
ingly the residence time of the gas stream in contact
with the absorbent solution is maintained more constant
and 1n turn keeps the relative concentrations of H>S and
CO» in the absorbent solution more consant.

>
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In FIG. 1 absorption column 10 contains a total ab- -

sorption volume divided into four individual absorption
volumes A, B, C and D. The individual absorption
volumes are segregated but are connected in series to
allow the free countercurrent flow of a gas stream and
an absorbent solution through them. Gas inlet line 12
introduces the gas stream into the bottom of absorption
column 10 below individual absorption volume D. Gas
exit line 14 leaves the top of the absorption column
above absorption volume A. Absorbent solution line 16
which carries regenerated or lean absorbent solution
splits into lines 164, 165, 16¢ and 164 containing valves
184, 185, 18¢ and 184 respectively, prior to entering
absorption column 10 and connecting with liquid dis-
tributors 20q, 205, 20c and 20d respectively. Line 22
carries loaded or rich absorbent solution from the bot-
tom of absorption column 10.

- The gas stream enters gas inlet line 12 into absorption
column 10 below individual absorption volume D. The

gas ascends through individual absorption volumes D,

C, B and A, In that order, to exit via gas exit line 14.
When the gas flow is at or near its maximum, the absor-
bent solution passes through line 16, into line 164 via
valve 18a which is open and into liquid distributor 20a
to be spread throughout individual absorption volume
A. Valves 18), 18¢ and 184 are closed to prevent any
absorbent solution from entering the absorption column
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6

at another location. Thus, the absorbent solution de-
scends through the individual volumes A, B, €, and
then D to intimately contact the ascending gas stream.
After gas-liquid contact is accomplished in the total
absorption volume, rich absorbent solution exits via line
22. - | |

When the flow rate of an H2S and CO; containing gas
decreases so that the rich absorbent solution no longer
contains an acceptable H>S:CO; ratio because of in-
creased residence time, individual absorption volume A
can be eliminated by closing valve 184 and opening
valve 18b. The absorbent solution now flows through
line 16b and liquid distributor 206 to descend through
only individual absorption volumes B, C and D to
contact the upwardly flowing gas stream. If the gas
flow rate continues to decrease whereby the ratio of
dissolved H3S and CO; is not within an acceptable
range, absorption volume B and finally absorption vol-
ume C can be sequentially and cumulatively eliminated
to afford an acceptable residence time for the gas stream
in absorption volumes containing absorbent solution.

As can be seen the individual absorption volumes can
only be eliminated in a consecutively cumulative man-
ner from the top downward, or, if the gas stream flow
rate increases, added in a reverse fashion.

The absorption apparatus of FIG. 2 1s an czioodiment
of the invention. The absorption systern comprises ab-
sorption columns 30 and 32. Absorption column 30
contains individual absorption volumes A and B con-
nected in series and absorption column 32 contains indi-
vidual absorption volumes C and D connected in series.
As with the individual absorption volumes of FIG. 1,
the individual absorption volumes of FIG. 2 can be
packed beds, bubble-cap trays or other gas-liquid con-
tacting apparatus known in the art. Collectively individ-
ual absorption volumes A, B, C and D compose the
total absorption volume of the absorption system. Ab-
sorption columns 30 and 32 can be considered the sets of
individual absorption volumes.

Gas inlet line 34 splits into lines 36 and 38 which enter
the bottom of columns 30 and 32 respectively. Gas
valve means 40 in gas inlet line 34 can apportion the gas
flow between absorption columns 30 and 32 in any
chosen ratio or can close off gas flow to either column.
Gas exit lines 42 and 44 emerge from the tops of absorp-
tion columns 30 and 32, respectively, to merge into gas
exit line 46. Lines 42 and 44 may contain valve means to
prevent back flow of gas into the columns that are shut
down.

Absorbent solution line 48 which carries regenerated
or lean absorbent solution splits into lines 484 and 48b
containing liquid valve means 52a and 525, respectively.
Line 48a leads into absorption column 30 to connect
with liquid distributor S4a situated above individual
absorption volume A and line 486 enters to connect
with liquid distributor §4b situated between individual
absorption volumes A and B. Similarly, absorbent solu-
tion line 50 splits into lines 50c and 504 containing hiquid
valve means 52¢ and 524, respectively. Absorbent solu-
tion lines 48 and 50 could derive from a common
source. Line 50c enters absorption column 32 to connect
with liquid distributor 54c¢ located above individual
absorption volume C and line 504 enters to connect
with liquid distributor 54d disposed between individual
absorption volumes C and D. Absorbent solution lines
48 and 50 may emanate from the same source line. Lines
56 and 58 carry loaded absorbent solution from the
bottoms of absorption columns 30 and 32, respectively,
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and merge into line 60 which would lead to a desorption
stage not shown.

The gas stream flowing in gas inlet line 34 is meted by
gas valve means 40 into lines 36 and 38 and passes into

columns 30 and 32. The gas in column 30 flows up-
wardly through individual absorption volumes B and A

to exit via line 42 and merges in line 46 with the gas in
line 44 which has ascended through individual absorp-
tion volumes D and C in column 32. When the gas
stream is flowing at or near the maximum flow rate so
that the total absorption capacity is needed, absorbent
solution passes through line 48 into line 484 via opened
valve means 52a and into liquid distributor 54a to be
spread throughout absorption volume A of column 30.
Simultaneously, absorbent solution passes through line
50 into line 50¢ via opened valve means 352c¢ and into
liquid distributor 54c¢ to be spread throughout absorp-
tion volume C of column 32. Valve means 526 and 524
are closed. The absorbent solution in columns 30 and 32
descends through their respective individual absorption
volumes to collect in the bottom and exit via lines 56
and 58, respectively, as loaded absorbent solution after
intimtely contacting the gas stream in the total absorp-
tion volume.

When the flow rate of an H>S and CO; containing gas
stream decreases so that the loaded absorbent solution
emerging from the total absorption volume via line 60
contains an unacceptable H2S:COj3 ratio, an individual
absorption volume can be eliminated from the effective
absorption capacity of one column to yield a lesser
residence time for the gas in a liquid contacting environ-
ment. Individual absorption volume A of column 30 or
individual absorption volume C of column 32 can by
bypassed by opening valve 52b and closing valve means
52a, or by opening valve means 524 and closing valve
means 52¢, respectively. The choice of which one is
bypassed depends upon how much absorption volume
must be eliminated to obtain a residence time for the gas
that affords an acceptable concentration of H2S and
CO; in the rich absorbent solution. Concomitant with
the elimination of an individual absorption volume 1s the
adjustment of gas valve means 40 to apportion the re-
duced gas flow between the absorption columns in a
ratio identical to the new ratio of their effective absorp-
tion capacities. The practice is to proportion the absor-
bent solution flow rates to the gas flow rate through
each absorption column.

Assuming that individual absorption volume A has
been bypassed above and the gas flow rate continues to
decrease, another individual absorption volume can be
bypassed. Once again there is a choice between two
individual absorption volumes, namely volumes B and
C. In the absorption apparatus of FIG. 1 there was no
choice; individual absorption volume B was next in line
for bypassing. If, for example, individual absorption
volume B in FIG. 2 is eliminated by closing valve means
52b so that no absorbent solution flows through line 48,
gas valve means 40 is adjusted to pass all of the gas
stream into absorption column 32 thus shutting down
absorption column 30. A still further decrease in the gas
stream flow rate would necessitate the closing of valve
means 52¢ and opening of valve means 52d whereby
absorbent solution from line 50 now flows through line
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g
504 into liquid distributor 544 to eliminate gas-liquid
contact in individual absorption volume C.

On the other hand, if individual absorption volume C
had been bypassed, as described above, instead of indi-
vidual absorption volume B, gas valve means 40 would
be regulated to mete the gas stream between absorption
columns 30 and 32 in a ratio equal to the ratto of individ-
ual absorption volume B to individual absorption vol-
ume D. With a further decrease in the gas flow rate
either individual absorption volume B or individual
absorption volume D is removed depending upon
which remaining one affords the better residence time
for the reduced gas flow. Selecting individual absorp-
tion volume D for elimination means that gas valve
means 40 is regulated to pass the gas stream wholly mto
column 30 and valve means 52d is closed so that no
absorbent solution enters absorption column 32 which is
shut down.

While the absorption apparatus of FIG. 2 and its
operation was described in terms of a decreasing gas
flow rate requiring the removal of individual absorption
volumes, it is obvious that a varying gas flow rate can
be accommodated by responsively adding or removing
the individual absorption volumes or combinations of
them to yield the effective absorption capacity that
most effeciently treats the gas flow.

Illustrative of the greater flexibility of the total ab-
sorption volume of this invention, the absorption appa-
ratus for the practice of the invention as shown in FIG.
2 contains four individual absorption volumes yielding a
greater number of effective absorption capacities than
the absorption apparatus of FIG. 1 containing the same
four individual absorption volumes. Absorption column
10 of FIG. 1 has four effective absorption capacities
available, namely A+B+4+C+ D (total absorption vol-
ume), B4+ C+D, C+D and D; whereas the absorption
apparatus of FIG. 2 has eight effective absorption ca-
pacities consisting of A+4+B+C+D; B+4+C+4D;
A+B+D; A+B; C4+D; B+D; B and D. The greater
number of effective absorption capacities permits opti-
mized operation of the absorption system to maximize
the H>S content of the acid gas. Furthermore, by judi-
cious selection of the relative sizes of the individual
absorption volumes, efficient operability of the absorp-
tion system can be attained for a selected gas flow
range.

For example, in Table I the total absorption volume
of the absorption system can be divided into individual
absorption volumes on a percent basis of A+ 30, B=20,
C=20 and D=30. Table I shows the flexibility of such
an absortion system for treating an H;S and CO; con-
taining gas stream to generate an acid gas stream from a
desorber that is directed to a Claus type sulfur recovery
plant. In this example, the HS content of the acid gas
stream will be insufficient to sustain the Claus reactor
operation when the gas flow rate falls below 60% of the
maximum gas flow rate which the total absorption vol-
ume was designed to handle. Additionally, the combina-
tion of individual absorption volumes or the single indi-
vidual absorption volumes represent effective absorp-
tion capacities each of which has an upper limit on the
percentage of the maximum gas flow rate it can effec-
tively treat, while 60% of this flow rate is the lower
limit which yields an acid gas stream that renders the
Claus plant inoperative.
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TABLE 1
(a) (b) (c) (d) (e)
% of Total Operating Range  Optimaal Operating Optimal Operating
Effective Absorption Absorption of E.A.C. as % Range of E.A.C, as Range as % of
Capacity (E.A.C.) Volume  of Max. Gas Flow % of Max. Gas Flow "E.A.C. |
A+B4+C+D 100 100-60 100-80 100~-80
A+B+D 80 80-438 80-70 100-87.5
B+C+ D 70 70-42 70-50 100-71.4
A4+ B 50 50-30 50-30 100-60
C+D 50 50-30 50-30 100-60
B+ D 50 50-30 50-30 100-60
D 30 30-18 30-20 100-66.7
B 20 20-12 20-12 100-60
C=" D=+
TABLE 11
(a) (b) (c) (d) ()
_ % of Total Operating Range Optimal Operating Optimal Operating
Effective Absorption Absorption of E.A.C. as % Range of E.A.C. as Range as % of
Capacity (E.A.C.) - Volume of Max. Gas Flow 9% of Max. Gas Flow E.A.C.
A+B+C+D 100 100-60 100-80 100-80
A+B+D 80 80-48 80-75 100-93.8
B+C+D 75 75-45 7555 100-73.3
B+ D 55 - 55-33 35-50 106-90.9
A+ B 50 50-30 50-30 100-60
C+D 50 50-30 50-30 100-60
D 30 30-18 30-25 100-83.3
B 23 25-13 25-15 100-60

A=25 B=25 C=20 D=30

In Table I it can be seen that the effective absorption
capacity comprising A +B+C+4 D represents the total
absorption volume (100%) and can,. therefore, effec-
tively treat a gas stream having a flow rate from 100%

to 60% of the maximum. Toward the lower end of this

range, the subsequent desorption step becomes less effi-
cient because the energy necessary to liberate the H;S
from the loaded absorbent solution increases as the HaS
concentration therein decreases. Accordingly, it is most
economical to use an effective absorption capacity that
- 1s operating close to its maximum capacity to maximize
the H2S content of the absorbent solution and acid gas
stream. Rather than operate all four individual absorp-
tion volumes when the gas flow rate decreases below
80% of the maximum, it is preferable to bypass individ-
ual absorption volume C to have an effective absorption
capacity comprising A, B-and D which is 80% of the
total absorption volume. Thus when this combination
treats the gas stream flowing at 80% of its maximum
flow rate, the combination is operating at 100% of its
capacity, the most efficient condition. The A, B and D
combination will maintain the downstream Claus plant
operative until the flow rate of the gas stream reaches
48% of 1ts maximum (0.60 X 80%). However, the com-
bination of individual absorption volumes B+C+D
(70% of total absorption volume) should preferably be
used when the gas flow rate decreases to 70% of the
maximum because this B4+ C+ D combination would be
more efficient operating at 100% of its effective capac-
ity than would be combination A+ B+ C operating at
87.5% of its effective absorption capacity. Column (c)
“of Table I shows the operating range of each effective
absorption capacity as a percentage of the maximum gas
flow rate. Column (d) shows the optimal operating
range for each effective absorption capacity as a per-
centage of the maximum flow rate and represents a
stepwise turndown of the absorption capacity of the
absorption system in which the effective absorption
capacities are most efficiently utilized as illustrated in
Column (e). Turndown to 12% of the maximum gas
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flow can be effected before the Claus plant becomes
inoperative. '

In Table 11, as another example, the total absorption
volume can be divided into individual absorption vol-
umes on a percent basis of A=25, B=25, C=20 and
D=30. Column (e) reveals that this absorption system
would operate more efficiently at gas flow rates greater
than 50% of maximum but with turndown capability
only to 15% of maximum gas flow.

Two small individual absorption volumes as the
lower individual absorption volumes of the two sets
would provide good operability at less than 50% of gas
flow and very effective turndown capability while two
small upper individual absorption volumes would pro-
vide good operability at greater than 80% of gas flow
but a lesser turndown capability. The lower individual
absorption volume is that individual absorption volume
which is further downstream with respect to the flow of
the absorbent solution and the upper individual absorp-
tion volume.

Obviously, the relative sizes of the individual absorp-
tion volumes can be selected to yield optimal operabil-
ity of the absorption system within the most prevalent
gas flow range and yet handle the maximum gas flow
that can be expected as well as turndown to treat a
minimal gas flow. Furthermore, greater flexibility can
be introduced by having absorption columns comprise
different volumes, more than two absorption columns in
parallel and more than two individual absorption vol-
umes in one column.

FIG. 3 shows a preferred embodiment and process
for the practice of this invention in a system for remov-
ing H>S from an industrial gas stream that also contains
CO,, such as coke oven gas (COG), by absorption into
an alkanolaminesolution, such as monoethanolamine
(MEA), and the recovery of the sulfur values as elemen-
tal sulfur. The H3S absorption columns and the H)S
desorber constitute the absorption/ desorption, or de-
sulfurization, portion of the desulfurization-sulfur re-
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covery system. The sulfur recovery portion 1s the well-
known Claus type reactor. Other systems for recover-
ing sulfur from HjS that are known in the art could also
be used. | |

In FIG. 3 an H3S and CO; containing gas stream
passes through feed line 110 into gas valve 112 which
apportions it into lines 114 and 116 entering absorption
columns 118 and 120 respectively. The gas after enter-
ing the columns will ascend within the columns through
individual absorption volumes A and B in absorption
column 118 and C and D in column 120, the individual
absorption volumes being connected in series in each
column. The gas flows to the tops of the columns where
the remaining unabsorbed gas will leave absorption
columns 118 and 129 through exit lines 122 and 124,
respectively, as desuifurized gas. In this instance, lines
122 and 124 merge into an exit line. Where the industrial
gas stream is COG, the desulfurized gas may be utilized
as a gaseous fuel in a combustion process.

When the total absorption capacity of the absorption
system is used, the monoethanolamine (MEA) absor-
bent solution enters the top of absorption column 118
via line 126, opened valve 128a and line 1264 and also
enters the top of absorption column 120 via line 126,
opened valve 128¢ and line 126¢. Valves 1285 and 1284
are closed. From lines 1264 and 126¢ the MEA solution
is fed into liquid distributors 130z and 130c to be spread
throughout the top of individual absorption volumes A
and C, respectively. In column 118 the MEA solution
descends through individual absorption volume A and
then through individual absorption volume B to collect
in the bottom of the column as rich absorbent solution
after having absorbed H3S and CO; during its intimate
contact with the industrial gas in individual absorption
volumes A and B. Likewise, the MEA solution in col-
umn 120 descends through individual absorption vol-
umes C and D consecutively. The rich absorbent solu-
tion is withdrawn from columns 118 and 120 by lines
132 and 134, respectively, merging into line 136 and 1s
pumped via pump 138 and line 140 through heat ex-
changer 142 to liquid distributor 144 in desorber 146. In
the desorber the rich MEA absorbent solution 1s trick-
led downwardly through rising steam vapor. The MEA
solution collects in the bottom of the desorption column
and is passed through line 148 to reboiler 150 where the
MEA solution is heated by steam coils 152. After being
heated in the reboiler the MEA solution is discharged
again via line 154 into the bottom of the desorber where
it flashes partly into a hot vapor which then passes up
through the descending MEA absorbent solution. Hjb,
CO; and any other acid gases absorbed or held in the
absorbent solution in loose chemical association are
freed from the absorbent solution. The gases stripped
from the solution finally pass from the top of the desorp-
tion column via foul gas line 156.

Line 158 leads from the bottom of the desorber 146
via pump 180 to heat exchanger 142 where some of the
heat of the hot solution is transferred to the cooler solu-
tion passing through line 140 from the absorption col-
umn to the desorption column. The cooled, regenerated
MEA solution then passes through a heat exchanger or
cooling device 162 before passing through line 126 into
" the top of absorption columns 118 and 120 as described
previously. - | |

If the H2S and CO; containing industrial gas stream is
flowing at or near the maximum rate for which the total
absorption volume of the absorption system was de-
signed, the rich absorbent solution absorbs a concentra-

12

tion of HS which is within an acceptable range and

upon desorption affords a H>S:CO; concentration ratio
in the foul gas stream from the desorption column that
permits the subsequent Claus reactor to operate effi-
ciently. A significant decrease in the flow rate of the gas

- stream will cause the rich absorbent solution to contain

an unacceptable H>S concentration with respect to the

CO; concentration due to an increased residence time
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within the total absorption volume. Accordingly, the
stripping of this rich absorbent solution will yield a foul
gas having such a low H;S:CO; concentration ratio that
the CO; content interferes with the combustion of the
gases in the Claus process. Therefore, the residence
time must oe decreased by having a smaller effective
gas-liquid contact volume.

In FIG. 3 the smaller effective absorption volume
may be achieved by closing valve 128¢ and opening
valve 128b so that the MEA absorbent solution flowing
through line 126 is conducted via line 1265 into liquid
distributor 1306 above individual absorption volume B.
Individual absorption volume A in column 118 is effec-
tively bypassed with gas-liquid contact now occurring
in individual absorption volume B and the total absorp-
tion capacity of column 120. Simultaneously with the
opening and closing of liquid valves 128¢ and 128),
respectively, gas valve 112 is adjusted to apportion the
feed gas stream between columns 118 and 120 in pro-
portion to their effective absorption capacities. The
resulting rich MEA solution will yield a foul gas stream
from the desorber in which the H>S:CO3 concentration
ratio is compatible with the smooth operation of the
Claus plant. Alternatively, individual absorption vol-
ume C in column 120 could have been bypassed. With a
continued decrease in the gas flow rate, or for that
matter, any variation in the flow rate, various combina-
tions of the individual absorption volumes A, B, C and
D or individual absorption volumes B or D themselves
may be utilized to provide the most efficient effective
absorption capacity for the particular gas flow rate as
described hereinbefore.

The H>S and CO; containing foul gas from the de-
sorber 146 passes through line 156 to a burner 164
where the H>S and other combustible gases in the foul
gas are oxidized by oxygen or air which enters burner
164 through line 166. Associated with burner 164 is a
thermal reactor 168 and a boiler 170 which makes use of
the heat of combustion and also the heat of reaction of
the H>S and SO; in the thermal reactor 168 to form
steam from boiler feed water which enters boiler 170
through line 172. Steam from the boiler exits through
line 174. The function of thermal reactor 168 in the
system is essentially to allow sufficient residence time
for the reaction gases to reach their thermodynamic
equilibrium point and to thoroughly intermix.

The amount of oxygen or air admitted to burner 164
is an amount sufficient to oxidize one-third of the H>S in
the foul gas so that the ratio of H»S:SO; in the oxidized
gas is 2:1, the stoichiometric ratio for the reversible
reaction of H2S and SO; to produce elemental sulfur
according to the chemical equation

2H3S +S02235+2H70.

Some of the SO; immediately reacts with the H3S 1n
thermal reactor 168 to form elemental sulfur. This sulfur
is entrained as sulfur vapor in the hot gas which leaves
the thermal reactor. The hot gases and entrained sulfur
vapor are passed through line 176 to a heat exchanger
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or cooling coil 178 where the gases are cooled suffi-
ciently t0 condense the sulfur vapor to molten sulfur
which is then collected in sulfur collecting tank 180 as
the cooled gases pass through the upper portion of the
tank and out through line 182 to heat exchanger 184. In
the heat exchanger the gases are reheated before being
passed into a catalytic reactor 186 where the previously
unreacted H>S and SO; are reacted together to form
elemental sulfur and water. The gas passes from the
catalytic reactor 186 through line 188 to heat exchanger
184 where it gives up some of its heat of reaction to the
gas entering the reactor. The partially cooled gas then
passes through cooling coil or condenser 190 where the
elemental sulfur vapor is condensed to molten sulfur
which is collected in the bottom of sulfur collecting
tank 192. The molten sulfur collected in the two sulfur
recovery tanks 180 and 192 is removed, usually periodi-
cally, from these tanks through line 194 which leads to
sulfur storage or use facilities, not shown.

The tail gas from catalytic reactor 186 passes via the
collector tank 192 through line 196 to equipment for
- further treatment as is common in the art such as addi-
tional catalytic reactors, incineration and discharge to
the atmosphere, oxidation and recycling of the SO, to
the Claus reactor, or reduction and recycling of the H2S
to the Claus reactor or the absorption columns.

The aqueous alkanolamine solutions absorb H3S
much faster than CO; because H;S 1s a weak acid which
will 1immediately react with the basic alkanolamine
solution whereas CO; must first chemically equilibrate
with the aqueous solvent to form the weak acid H,CO3
which then can react with the basic alkanolamine solu-
tion. Accordingly, this absorption rate difference be-
tween H>S and CO»; should exist with any basic absor-
bent solution which could then be used in the practice
of this invention.

Included in the inventive concept of bypassing or
eliminating an individual absorption volume from the

total absorption volume by redirecting the passage of

the absorbent solution streams is the situation in which
the absorbent solution still passes through the elimi-
nated individual absorption volume at such a reduced
flow rate that minimum or insignificant gas-liquid
contact occurs. This is to say that while some absorp-
tion may occur in the eliminated individual absorption
volume, it is eliminated or bypassed in relation to the
degree of absorption which occurs in the remaining
individual absorption volumes composing the total ab-
sorption column.
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the absorbent solution through a total absorption vol-
ume to afford a lesser residence time for the gas stream
by using a smaller effective absorption capacity, a fine
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control over the ratio of absorbed gaseous components
can be effected by a limited control of the absorbent
flow rate in addition to particular sizing of the individ-
ual absorption volumes.

We claim:

1. A method for maintaining operative a Claus-type
sulfur recovery system which recovers sulfur removed
as HyS from an H)S and CO; containing industrial gas
stream having a variable flow rate comprising

(a) passing an H3S and CO; containing industrial gas
stream through an absorption apparatus having a
total absorption capacity dimensioned to treat the
maximum gas flow, which absorption apparatus
includes two absorption columns connected in
parallel, each absorption column comprising at
least two individual absorption sections connected
in series,

(b) contacting the industrial gas stream with a basic
absorbent solution that absorbs H3;S and CO» at
different rates in the total absorption capacity of
the absorption apparatus to afford a desulfurized
gas.stream and to produce a loaded absorbent solu-
tion,

(c) regenerating the loaded absorbent solution in a
desorption apparatus to desorb the H>S anZ CO» to
yield a foul gas stream,

(d) reacting the foul gas stream in a Claus-type sulfur
recovery system to form elemental sulfur,

(e) directing the passage of the basic absorbent solu-
tion through the absorption apparatus to bypass an
individual absorption section and to eliminate said
individual absorption section from the effective
gas-liquid contacting process as the flow rate of the
industrial gas stream decreases and before the flow
rate falls to that rate at which the Claus-type sulfur
recovery system becomes inoperative to afford a
desulfurized gas stream and to produce a loaded
absorbent solution, and

(f) repeating steps (c) and (d)

2. The method of claim 1 in which the absorption
columns are of equal effective absorption capacities.

3. The method of claim 1 in which the absorption
columns are of unequal effective absorption capacities.

4. The method of claim 1 in which the individual
absorption sections of an absorption column are of equal
effective absorption capacities.

5. The method of claim 1 in which the individual

absorption sections of an absorption column are of un-

equal effective absorption capacutles
6. The method of claim 1 in which the basic absorbent

solution i1s a monoethanolamine solution.
. % %k & % &
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